Traceability in cattle and small ruminants in Canada
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Public officials and the leaders of the livestock industry have recognised the need to trace disease, residues and physical contaminants from the point of detection to the source of the problem. In Canada, the cattle industry became interested in reidentifying the national cattle herd during the early 1990s and actively began to plan re-identification in 1995 (6) . Acceptance was triggered by the bovine spongiform encephalopathy (BSE) crisis in the United Kingdom (UK) (47) and the detection of a case of BSE in a single animal imported from the UK in 1994 (6) . Other major international disease outbreaks, the increasing importance of food safety (39) , and the increasing reliance upon export markets (9) have all fostered a growing acceptance of a national identification programme for cattle in Canada.
Cattle identification has played an important historical role in the health and viability of the livestock industry of Canada. In the 1940s, 1950s, 1960s and 1970s, the Health of Animals Branch of the Federal Government identified and tagged individual animals on farms to eradicate tuberculosis. In the 1950s, 1960s, 1970s and 1980s, parallel efforts were mounted to eradicate brucellosis (32) . Approximately 95% of the cow herd in Canada was individually identified under the Health of Animals programme. Canada was declared free of brucellosis in 1985 (23) , by which time the Health of Animals tagging programme had fallen into disuse. In the absence of a national programme, producers used identification that met only their own on-farm management needs. In many cases, no within herd identification system was used. In 1995, the proportion of the national beef herd individually identified for traceback was less than 10% (24) .
Around the world, twenty-five countries are at varying stages of implementing individual animal identification programmes (45) . These range from basic systems such as that developed by the Canadian Cattle Identification Agency (CCIA), to more complex types of passport system, as created in the UK in reaction to the outbreak of BSE (47) . When BSE was identified in the UK in 1996, the world closed its borders, not only to imports of beef from the UK, but also to imports of cattle. In Canada, live cattle imported from the UK prior to the ban were destroyed (23) . In 1996, consumption of beef in the UK declined by 40% immediately following the BSE outbreak (8) . Furthermore, BSE is proving difficult to contain; after a recent flurry of BSE outbreaks in France and Germany, officials in the European Union (EU) have predicted that eradication of the disease may not be achieved until 2010 or later (2) . The ongoing problems for the beef industry of Europe as a result of BSE, can be contrasted to the prompt resolution of the foot and mouth disease outbreak in Canada in 1952. That year, foot and mouth disease broke out in Saskatchewan and borders of the country were closed to exports (23) . However, the borders remained closed for only a few months, because the majority of cattle had already been identified under the Health of Animals programme to eradicate tuberculosis (23) . Identification of the cattle facilitated rapid containment and elimination of infected animals.
The CCIA was created in 1998, as a result of the shared concern of leaders of the cattle industry and the Canadian Food Inspection Agency (CFIA) regarding the lack of a system to adequately trace and respond to animal health or food safety issues that might arise. The programme involves the individual identification of all cattle that move beyond the 'herd of origin' with approved ear tags bearing numbers that are unique to each animal. In December 1998, a national strategy for the development of a 'Canadian Bovine Identification and Traceback System' was announced with the goal of establishing an efficient, accurate, cost-effective and market-neutral system for national cattle identification by 2001.
Under recent amendments to the Health of Animals regulations, the programme officially began on 1 January 2001. As of that date, all cattle must be tagged with a CCIA-approved ear tag before leaving the herd of birth. After 1 July 2001, all cattle must be tagged before leaving the herd in which they are located. As of 1 July 2001, all abattoirs will be required to read all tags, transfer the information to the carcass and maintain that identity to the point of carcass inspection.
Database management for the Canadian Cattle Identification Agency identification system
A national identification system requires maintenance of a large database with rapid and error-free entry and retrieval. An internationally recognised data warehouse company is being utilised as the repository of the unique animal identification and the herd of origin information (38) . The priority of this traceback information system will be tracing individual animals to the herd of origin, with a focus on traceback for notifiable diseases, residues and physical contaminants identified primarily at the packing plant. This system has the ability to uniquely identify each individual animal. The herd of origin is not to be regarded as the source of the problem, but as the starting point for a search of the subsequent movements of the animal.
The database utilises both oracle relational database management systems (RDBMS) and an oracle application server (OAS). The OAS is designed to provide an open, standards-based architecture, which can develop and deploy real-world business and commerce applications for the Internet. The scalable, distributed architecture and integrated database connectivity design of OAS will support businesscritical, transaction-based applications across hypertext transfer protocol (HTTP) servers such as Netscape ® or Internet Explorer ® .
The CCIA system utilises security software by Entrust, which is managed by a public-key infrastructure (PKI). The purpose of a PKI is to manage digital keys and certificates. Entrust/PKI™ software is easy to use and transparently automates all securityrelated processes in the application. With certified security, Entrust/PKI™ software enables the use of digital signature, digital receipt, encryption and permissions management services.
Cost of implementation of the Canadian Cattle Identification Agency system
To date, Government funding for the development of a system for individual animal identification and traceback, including a communication strategy and research field trials has totalled approximately Can$1.5 million. Funding from industry for administration and development of infrastructure has totalled Can$910,000. In addition, the CCIA has received Can$300,000 to date (February 2001) from the administration fee on tag sales through voluntary tagging. The CFIA is responsible for the cost of the enforcement programme and a minimum of sixteen full-time inspectors will be required per year.
Overcoming producer resistance
In Canada, support is growing within the cattle industry for a national identification programme (16) . This growing acceptance may have been assisted by recent international events (outbreaks of foot and mouth disease in Europe, Asia and South America, and continuing widespread concern over BSE in the EU [45] and elsewhere). However, the implementation of a massive communication strategy, involving the efforts of all sectors of the industry and the Provincial and Federal governments was also crucial. Extensive efforts continue to ensure that cattle producers are aware and understand the requirements of the programme.
At the outset, many producers assumed that because of the excellent health status of the cattle herd of Canada, such a programme was not necessary. Others were concerned that the mandatory approach to the national identification programme was an unwarranted intrusion into the private affairs of the producer, and many were concerned with potential liability. Industry leaders asserted that the enviable health status of the national herd was no accident and had been achieved through individual animal identification during the successful efforts to eradicate brucellosis and tuberculosis (32) . Additionally, recent events have demonstrated that both domestic and export food producers can no longer expect to supply food anonymously.
Enforcement of the Canadian Cattle Identification Agency system
The CFIA will enforce the national cattle identification programme, in accordance with Health of Animals regulations. Enforcement will be a combination of education, information and policing. The relative emphasis among the three will vary as the programme matures. The CFIA and CCIA are both convinced that information and education will be the most crucial enforcement vehicles during the period from 1 January 2001 to 31 December 2001. During this twelve-month period, producers who do not comply with the regulation will receive notices of violations and warnings, but further penalties will not be imposed. The purpose of this phase-in period is to ensure that all producers have had ample opportunity to fully understand the requirements and benefits of the programme. Between 1 January 2002 and 30 June 2002, industry compliance will be evaluated and enforcement may become more rigorous. After 1 July 2002, the objective of the enforcement policy will be to ensure full compliance, although allowances will be made for tag losses of up to 5% in a herd. The monetary penalty for the majority of identification violations will be Can$500 per occurrence or Can$250 if the penalty is paid within fifteen days. The CFIA reserves the right, in the case of a violation that poses a significant risk to the health and safety of cattle or the public, or in the case of flagrant non-compliance which challenges the very credibility of the programme, to proceed with a prosecution under the Health of Animals Act. Enforcement sites will include farms, feedlots, auctions, abattoirs and the border with the United States of America (USA). The CFIA also expects that transporters, order buyers and feedlot operators will help to ensure that all cattle handled are properly identified. Support from abattoir management accompanied by enforcement from federal meat inspectors is expected to send a strong message of programme adherence along the market channels to the producer level (25) .
Identification methods for cattle and small ruminants

Plastic and bar-coded ear tags
Under the direction of the CCIA board of directors, with cooperation from various tag manufacturers, beef producers, feedlots, abattoirs and industry organisations, ear tag trials were performed to demonstrate acceptable retention, readability and traceability. The objective of the first phase of the CCIA field trials was to identify low-cost, reliable ear tags, which met the criteria as established in the 1997 CCIA business plan (7), as follows:
-single tag with minimum 95% lifetime retention (two years) -inscription with a unique national identification designated International Organization for Standardization (ISO) standardised lifetime number in numeric and bar code format or in numeric and radio frequency identification (RFID) format -tamper-proof -capable of being read visually -produced in plastic or metal -must remain attached without being harmful to the animal -if at the producer, feedlot and/or packer level, an additional automated identification device is used (i.e. electronic identification or bar code), these must be cross-referenced to the national identification tag and recorded by the new owner who inserts the tag.
In the initial trials, the CCIA evaluated various tag technologies on the basis of retention and with attention given to additional factors such as the following:
-readability of tags -ease of application -cost -incidence of infection -requirements of numbering system -requirements of CCIA and tag or identification companies to maintain cross-reference from animal number to herd of origin -additional benefits and value to the producer -acceptance at the producer level.
In February 1998, the CCIA issued a request for proposals to various technology companies inviting the submission of tags that would meet the CCIA criteria as outlined. In addition, notices were sent to various industry organisations across Canada to obtain herds interested in testing these tags. The tag companies submitted approximately 30,000 tags, which represented twenty-two different types of technology. All tags were tested in combination with a benchmark tag (Allflex™ plastic button, Ketchum™ metal clip, or Permaflex™ metal dangle tag) in approximately seventy herds across Canada. Benchmark tags were used as a point of reference to compare other types of tags submitted. These benchmark tags were chosen based on size and historical retention information. The tags tested ranged from the metal Kurl Lock™ ear clips, to basic plastic tags with bar codes, to electronic identification tags (Table I ). The tags were applied randomly in different herds across Canada to account for the variance in environmental conditions (Table II) . Herd owners attached tags either at calving or later processing. At weaning, the CCIA collected the results from the test herds. In all cases, when data were retrieved, a third party was present to verify the results. The third party informed the CCIA of tag loss and other conditions such as tag-associated infection. Comments from producers were also collected. When feasible, the tags were followed from the test herds to slaughter, to obtain longer-term retention and readability information.
The criteria of the CCIA for approval of tags were a tamperevident nature, a minimum 95% retention rate, and an 85% product of retention and readability rate (Table I) . Ear tag retention rate varied according to herd and environmental conditions. Preliminary results of tag retention studies are presented in Table III 
Readability of bar-coded tags
The readability of bar-coded tags was affected by the following factors:
-quality of readers/scanners (ruggedness) For bar-coded tags, the 'bag and tag' method of identifying the carcass at meat inspection, cleaning the ear tag and sealing it in a plastic bag attached to the carcass, worked well for smaller abattoirs. However, the 'bag and tag' method proved unworkable in a fast-paced abattoir, with chain speeds of 10 sec per animal. The two-dimensional white bar code on a black button was not readable and was rejected from the national identification programme. Overall, based on the readability trials, cleaning of the bar-coded tags prior to reading was recommended. The RFID technology demonstrated a high readability rate, although pricing was prohibitive. 
Other types of tags
Metal ear clips served as a benchmark tag in the CCIA study and have been widely used in cattle and small ruminants as these tags are generally less costly and more resistant to loss from tearing than a plastic dangle tag. However, care must be taken during application, as excessive crimping of the tag or a failure to allow room for ear growth has resulted in infections which necessitated the removal of more than 10% of metal ear clips in a study involving 500 sheep in Scotland (20) . For over half a century, metal Kurl-lock™ tags stamped with a unique number identifying herd of origin were the basis of the traceback system used to successfully eradicate tuberculosis and brucellosis from the beef herd in Canada (32) . Although the manual recording system required to collect data from metal tags worked well for basic disease control, the high labour cost of manual data collection and retrieval (14) would limit traceback to a single management or marketing decision instead of addressing multiple issues such as growth performance, animal health, genetic improvement and carcass quality.
Metal and plastic tags are most commonly located in the ears of cattle and small ruminants, although brisket tags have had 
Branding
Hot-iron branding is an ancient and reliable method for permanent identification of cattle, horses and goats (26) , although the use of this method has been prohibited in the UK due to animal welfare concerns (12) . Recently, less painful/stressful identification alternatives to hot iron branding have been investigated, including the application of depigmenting compounds (41) and freeze branding (30, 42) . In a test of eight de-pigmenting compounds (41), none produced permanent loss of colour in the hair of cattle, and visible colour loss required a minimum of seventeen days and a maximum of sixty-eight days. New compounds would have to be developed before de-pigmentation could be employed as a practical form of identification for cattle, goats and sheep. Furthermore, depigmentation would not be applicable on lightly-pigmented or white-coated animals.
Although pain response to freeze branding was judged less than that to hot-iron branding (30, 43) , legibility and permanence of freeze brands were inferior to those of hot-iron brands, especially on lightly-pigmented hides (26) . Consequently, research has shifted to the development of robust forms of electronic identification as replacements for hot-iron and freeze branding (14) .
Tattoos, photographs/sketches and ear-notches
Tattoos are commonly used as permanent identification of pure-bred cattle, sheep and goats. Generally, tattoos are located in the ear, although the short-eared Lamancha breed of goats is tattooed in the tail web (21) . As application of tattoos is time-consuming and laborious (36) , the use of tattoos has been limited to small herds and flocks (46) . In addition, tattoos may be damaged or prove difficult to read (14) , especially in darklypigmented ears.
Ear notches are another traditional form of identification of cattle and small ruminants (46) . Ear notching is useful for determination of ownership of animals among neighbours in a local community (26) , but with only six positions available (top, bottom and tip of each ear), ear notching would not be suitable for differentiating animals at the regional or national level.
Due to intricate coat colour patterns, Holstein dairy cattle have been traditionally identified by means of photography or sketch of one or both sides of the animal. In order to register Holstein cattle in the USA or Canada, colour photographs or sketches must include the head, tail and inside of the legs (19) , although tag, tattoo, branding and electronic identification options may now be used in place of or along with photographs or sketches (39).
Electronic identification, reported studies and practicality
Although traditional forms of identification such as branding and tattooing may provide permanence, and plastic or metal ear tags may provide convenient and low-cost systems of identification, new requirements for rapid and virtually errorfree data transfer have led to the development of electronic identification technologies for use in cattle and small ruminants. The technology is available, but widespread adoption of electronic identification in livestock will depend on the outcome of long-term studies such as the three year Identification électronique des animaux (IDEA) project in the EU. This project is following approximately 1 million ruminants, namely: cattle (48%), sheep (49%) and goats (3%) identified by bolus (72%), electronic ear tag (23%) or injectable transponder (5%) (47) . Without significant government support, the expense of electronic identification, as identified in the CCIA ear tag study, is currently a barrier to the adoption of these technologies.
Transponder in ear tag or neck chain
Among ruminant producers, the dairy industry has been the leader in the adoption of electronic identification. In dairy cattle, electronic identification has been used under herd management plans to obtain information on feed intake, milk production, oestrus and incidence of mastitis (39) . Accordingly, the first electronic identification systems for livestock, used in the 1970s, consisted of bulky transponders attached to the neck chains of dairy cattle (11) . With miniaturisation, the size of transponders has decreased, now ranging from 2.2 mm to 3.6 mm in diameter and from 10 mm to 32 mm in length (32) . In the Netherlands, over 30% of dairy cows have electronic identification, with most transponders attached to a neck chain (40) . Transponders mounted in ear tags or neck chains are an official, but not mandatory option for identification of dairy cattle in North America (19) and all cattle in the EU (34), although visual tags must support the electronic identification in the EU (47) and in Canada.
Although adoption has been slower than in dairy cattle, the beef industry has investigated the utility of transponders in ear tags for animal identification. In a study of 3,354 feedlot cattle (1), transponders mounted in Allfex™ ear tag buttons for one to fourteen days before slaughter had a retention rate of 100% until slaughter, compared to 99.1% retention for plastic dangle tags under similar conditions. The failure rate for the electronic tags was 0.21%. Externally-mounted transponders may be useful for visual identification (32) , are easily located and removed upon slaughter of the animal (39) , and are unlikely to enter the food chain (1). However, as any external tag is vulnerable to loss, removal or damage (22) , efforts to develop permanent electronic identification are focusing on internal forms such as injected transponders.
Transponder in embedded chip, various body locations
Transponders have been injected into cattle (17, 18, 27) , veal calves (29) , sheep (3) and goats (33) in a variety of body locations. In all studies, breakage, loss or failure of transponders, migration of transponders from the injection site and recovery of transponders after slaughter were key concerns. Low power consumption is a mandatory feature of injectable transponders, as miniaturisation precludes battery use. Injectable transponders are generally passive (Fig. 1) , obtaining power from an external energising field (14) . Proponents of injectable transponders can be divided into two main factions: those who support implantations in the base of the ear and those who support the axilla as the superior site for implantation.
Implantation at the base of the ear was discounted due to a high incidence of transponder failure (27% of 4,360 implanted) (17) and migration from the point of injection (35) . However, recovery of transponders at this location after slaughter was relatively rapid and successful (29) . Injection of transponders into the lip of cattle was rejected for aesthetic and animal welfare reasons (13) . Furthermore, in a six-month study of 343 calves, Conill et al. determined the occurrence of lost and broken transponders to be higher in the upper lip (14.0% lost, 1.3% broken) than in the base of the ear (5.2% lost, 0% broken) (10) . Transponders in the anal region were protected from failure, although retrieval of transponders from this location at slaughter proved onerous (17) .
In a study of 5,907 ewes over a four-year period, Nehring et al. found the axilla to have the higher retention/reading success (97.8%) and lower migration (1.3%), compared to the base of the ear (92.8% retention/reading success; 6% migration) (35) . In accordance with the work of Nehring et al. (35) , Lambooij et al. (29) determined reading success to be highest (97%) for transponders in the axilla of veal calves, compared to reading success rates of 90% and 81% for transponders in the nose and base of the ear, respectively. However, these authors recommended against the use of transponders in the nose or axilla due to difficulty in retrieval of the transponders at slaughter. In support of Lambooij et al. (29) and Nehring et al. (35) , Caja et al. recommended the axilla as the most advantageous site for subcutaneous injection of passive transponders, although difficulty in locating or removing the transponders from this location at slaughter was discussed (3).
In marked contrast to researchers advocating the axilla as the transponder location, Klindtworth et al. provided a review demonstrating the superiority of the base of the ear for transponder injection (27) . These authors discussed the use of a net of polytetrafluoroethylene which reduced migration of transponders injected into the base of the ear by half (3 cm instead of 6 cm, on average), as well as describing the injection technique and animal restraint necessary to prevent the transponders from dropping out of the ear immediately after injection. In these studies, the failure rate of transponders at the base of the ear was less than 1%. However, the procedure did require considerable time (> 2.5 min) and consequently may be too slow for large-scale ruminant production systems.
Intra-ruminal transponders
Another method of electronic identification is the use of transponders in an intra-ruminal bolus. Similar to injectable transponders, ruminal boluses would be free from tampering or removal after insertion; Caja et al. were unable to remove boluses from the rumens of live animals by non-surgical means, even with aid of radiography (4) . Additional benefits to the use of rumen boluses are the lack of physical damage or pain to the animal which can occur after injection of transponders (22, 31) and the avoidance of the loss of saleable meat as occurs with migration of injected transponders (3). In cattle, stress due to bolus insertion is minimal. McAllister et al. reported that bolus insertion in calves of one week of age did not affect growth or intake of milk replacer (31) . In addition, Caja et al. reported that insertion of rumen boluses in lambs (25 kg live weight) did not affect growth performance or alter the mucosa of the reticulo-rumen (5).
Loss of rumen boluses through regurgitation is a concern, as regurgitation losses have reached 46% in calves (18) . However, modifications in bolus shape or weight by Caja et al. reduced loss, resulting in retention rates of 100%, 98.8% and 99.7% for sheep, goats and cattle, respectively (5) . Failure rates for intraruminal bolus identification have ranged from 0% (3) to 7% (29) , which equal, and in some cases surpass, the performance of injected transponders. The basic components of an electronic identification system (14) The components include a device that contains a unique identification number associated with the animal, an activation reading device that initiates communication and interprets the code, and software which compiles and collates identification codes with other collected information As boluses must pass freely through the oesophagus to prevent stress and possible death of the animal, the size of the bolus is crucial in small ruminants and neo-natal calves. Caja et al. developed a ceramic bolus suitable for multi-species use (66 mm x 20 mm, 65 g), with specified minimum weights for bolus insertion (25 kg for sheep, 20 kg for goats and 30 kg for cattle) (5) . Using an AVID™ bolus, Stanford and colleagues were able to insert boluses in lambs of 20 kg live weight without affecting animal growth performance (K. Stanford, T.A. McAllister, C.L. Cockwill and H.L. Stoddard, unpublished data on AVID™ bolus sheep and lamb studies). As suckling lambs and kids may be marketed prior to reaching the weights mentioned above, a smaller bolus would be required for use in neo-natal small ruminants, although retention of the smaller bolus in the growing and mature animal would need to be addressed.
Insertion of intra-ruminal boluses and recovery of the boluses post slaughter is rapid, but species-specific. Insertion of boluses required 24 sec, 26 sec and from 19 sec to 240 sec in sheep, goats and cattle, respectively (5) . Boluses are generally recovered in the reticulum, as hanging the animals at slaughter causes heavier components in the rumen or reticulum to gravitate to the reticulum (13) . At slaughter, Caja et al. determined that bolus recovery rates and times varied according to rumen volume (lambs: 100% and 5 sec; ewes and goats: 100% and 8 sec; slaughter calves: 91.3% and 12 sec; and dairy cows: 72% and 14 sec) (5) . Although these reported recovery times are short, introduction of a few simple automated devices to strain ruminal contents at the abattoir would probably increase the speed and success of bolus recovery.
Deoxyribonucleic acid fingerprinting and retinal scanning
Deoxyribonucleic acid (DNA) fingerprinting has been proposed as a future component of an international animal identification programme (14) and is presently used to validate the parentage of highly valuable animals such as household pets, pure-bred livestock and zoo specimens. Another current role of DNA fingerprinting is the verification of other identification techniques such as tattoos or tags. Although DNA typing offers permanent and tamper-proof identification of animals (44) , the technique is as yet too costly and slow for routine use in livestock identification, as up to six weeks may be required for analysis (15 
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techniques is currently in progress and DNA fingerprinting may become a viable option for large-scale identification of cattle and small ruminants in the future.
Retinal imaging is a method of biometric identification which uses the patterns of the retinal blood vessels to produce a unique image that does not change as the animal ages (15) . Ear tags, tattoos and brands may be subject to tampering (16) and even DNA fingerprinting data may be falsified through improper sample attribution (44) . However, the combination of an encrypted global positioning satellite signal of longitude, latitude and time with a retinal image would be virtually impossible to falsify (15) . Current limitations to the use of retinal imaging for livestock identification would be lack of validation of the technique and the expense of the required image analysis software, scanner and other computer hardware.
Conclusions
Identification of cattle and small ruminants is of international concern due to recent animal disease and food safety issues, including the on-going problems experienced in the EU after the outbreaks of BSE and foot and mouth disease in the UK.
Simple systems of identification with manual recording and reading of ear tags have served well for disease eradication in the past. However, global trade in meat products and heightened, media-driven concerns for food safety among consumers necessitate rapid traceback from the recognition of a problem to the origin. A comparison of the speed and efficacy of methods for identification of cattle and small ruminants is presented in Table IV .
The CCIA system in Canada will ensure traceability of cattle from carcass inspection back to the farm of origin, but like systems in place in the EU, relies mainly on inexpensive, visual methods of identification. Although electronic identification would increase the speed and accuracy of information flow throughout the supply chain, and methods such as intraruminal boluses would have increased protection from fraud and tampering compared to surface tags and clips, the cost of electronic identification currently outweighs the utility. Over time, mass production of transponders and other electronic identification system components will undoubtedly reduce costs, although other methods, such as DNA fingerprinting or retinal scanning, are concurrently increasing in speed and affordability. Resumen Tras los brotes de encefalopatía espongiforme bovina en la Unión Europea y de fiebre aftosa en el Reino Unido y Sudamérica, los sistemas de rastreo de bovinos y pequeños rumiantes se han convertido en un tema de importancia a escala internacional. Para poner en marcha un sistema nacional o internacional de identificación es preciso hallar un equilibrio entre diversos factores: el coste, la fiabilidad y durabilidad, la facilidad de uso, la velocidad de transferencia de los datos, la protección contra el fraude, el modo de impedir la entrada de productos defectuosos en la cadena alimentaria y diversas consideraciones relacionadas con el bienestar de los animales. A partir del 1 de enero de 2001, Canadá instituyó un programa nacional de identificación de los bovinos, cuyo coste anual, sumando los gastos administrativos y los de funcionamiento, ascenderá a 0,20 dólares canadienses por cabeza de ganado, excluido el coste del crotal. Tras la colocación de crotales al ganado de carne, el sistema permite determinar el rebaño de origen de cualquier animal e identificar individualmente a cada ejemplar. Aunque hay otras técnicas de identificación que presentan ciertas ventajas con respecto al crotal, actualmente resultan demasiado onerosas sin apoyo público (por ejemplo la identificación electrónica o la huella genética del ácido desoxirribonucleico [ADN]), demasiado lentas (como la huella genética del ADN) o todavía poco contrastadas (uso de imágenes retinianas) como para justificar su inclusión obligatoria en un sistema nacional de rastreo e identificación.
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